Abstract-A novel dual-polarized stacked antenna array is designed and built for broadcasting satellite orbital positions. It is working in the 12.43-12.53 GHz band (space-to-Earth). The patches in the bottom layer are fed diagonally by a microstrip line. The upper layer is stacked above the bottom one to increase the operating bandwidth. The design parameters are simulated and optimized using IE3D (Zeland) software to get the suitable S-parameters and radiation performance. The measured and simulated results are very close. The results show that the antenna seems very promising and useful for wireless applications.
INTRODUCTION
During the last few years there has been an enormous expansion in wireless communication systems and the number of people using these services. The designed antenna is suitable for the 12 GHz Broadcasting Satellite Service (BSS) frequency bands. It is working in the frequency band 12.43-12.53 GHz. In the usage of such antenna, besides having good performance, another main concern is the availability of a simple and low-cost antenna. Single-feed planar antennas can be easily integrated. This antenna has dual polarization. However, in order to reduce the polarization sensitivity of the antenna, the feed-point can be placed on the diagonal of the patch [1] [2] [3] [4] . The difficulty in building such an antenna array arises from simultaneously trying to meet two opposing design requirements. The designed array antenna is shown in Figure 1 , has a gain of 9.9 dBi, with a minimum half-power beamwidth (HPBW) (13.2356 • , 75.3584 • ) and antenna efficiency is nearly 74%. A simulation is carried out to investigate the effects of varying several physical parameters such as dummy patch size, spacing between the lower and upper patches, and spacing between the patches. The impedance characteristics, radiation pattern, return loss (S 11 ), and voltage standing wave ratio (VSWR) for the designed array are simulated and analyzed using IE3D (Zeland) software. S 11 and VSWR are measured and compared with the simulated one. 
ELEMENT ANTENNA
The antenna has two layers; the lower one is fed by a microstrip line. The upper layer is dummy and stacked above the bottom one. The bottom array was fabricated on a dielectric substrate called Teflon with h L = 0.787 mm, ε rL = 2.2, area of 62.5 × 28 mm, and spacing between patches in x and y-directions are 21 and 19.5 mm respectively. The lower patch is a square and its side equal 8 mm. The upper array was fabricated on a dielectric substrate called FR4 with h U = 1.55 mm, ε rU = 4.7, area of 78 × 33 mm, and spacing between patches in x and y-directions are 21 × 21 mm respectively. The dimensions of the upper patch and the spacing between the excited antenna and the stacked one have been adjusted to minimize the return loss to nearly -35 dB using IE3D (Zeland) software. The optimized values of the spacing between the upper and lower arrays and the dimensions of the upper patch are 6.4, 11, and 9 mm, respectively. The geometry of the stacked arrays is shown in Figure 2 . A quarter wavelength microstrip transformer of impedance 70.7 Ω measuring 4.2 × 1.339 mm is used to match the input impedance of a single antenna (50 Ω) to the transmission line (T.L) of impedance (100 Ω) as shown in Figure 1 . The widths of the 50 Ω and the 100 Ω T.L are 2.377 and 0.6547 mm respectively. 
ARRAY ANTENNA
The geometry for the stacked antenna arrays is shown in Figure 2 . The designed and fabricated 2×4 planar antenna arrays are shown in Figure 3 . The lower layer consists of 8-elements with corporate feeding network. This feeding was designed to give equal amplitude and phase to each element. The excited array with the upper stacked layer gives S 11 = −35.174 dB and VSWR = 1.03661 at the center frequency 12.484 GHz. The principle simulated radiation pattern of the antenna is shown in Figure 4 . The gain, directivity, efficiency, and beamwidth of the dual-polarized 2 × 4 stacked microstrip array antenna are summarized in Table 1 .
The simulated and measured return loss (S 11 ) and VSWR of 2×4 dual-polarized stacked antenna array are shown in Figures 5 and 6 respectively. The simulated and measured results are very close. The impedance smith chart obtained for the designed array is shown in Figure 7 . The size of the upper patches and the distance between the upper and the lower layers are adjusted to have good matching. For the plot, it shows that the points are located at the middle of the circle as the frequency becomes nearer to the center frequency. Hence, this indicates that the matching of this antenna is quite good, as the desired location of the points should be in the middle of the circle (50 Ω). Selected points from the impedance smith chart are listed in Table 2 .
